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AVAILABLE COAL RESOURCES STUDY OF APPALACHIA 7.s-MINUTE QUADRANGLE,
VIRGINIA. KENTUCKY

Roy S. Sites and Karen K. Hostettler

INTRODUCTION

The majority of Appalachia quadrangle is located in ttre
southwestern Virginia coalfield of western Wise County
(Figure 1). There is a very small portion of l,ee County in the
extreme southwest comer of the quadrangle. There are also
portions of Letcher and Harlan Counties, Kentucky, in the
extreme northwest corner and along the westem boundary of
the quadrangle, respectively. The quadrangle lies within the
Cumberland Mountains section of the AppalachianPlateaus
physiographic province and encompasses a small northeast-
trending portion of t}re Powell Valley anticline in the extreme
southeast corner of the quadrangle, adjacent the town of
Appalachia. The vast majority of the quadrangle encom-
passes the gently northwestern-dipping southeastern limb of
the Middlesboro syncline with a ftansition zone (along Pi-
geon Creek and the northeast trending portion of the Powell
River) into themore steeply dipping northwestem limbof the
Powell Valley anticline (Nolde and others, 1988). The Big
Stone Gap anticline and the Roaring Fork syncline are minor
folds developed in the northwestern limb of the Powell
Valley anticline southeast of the town of Appalachia.

Figure 1. Location map showing the Appalachia 7.5-minute
quadrangle, VA-KY.

Topography throughout the quadrangle is principally
characteized by dissected uplands, with generally steep
ridge slopes and v-shaped valleys. The maximum elevation
within the quadrangle is a little more than 3800 feetalong the
Tennessee Valley Divide, known locally as BlackMountain.
Black Mountain is predominantly a north-south trending
ridge whose crest defines the Virginia-Kentucky state bound-
ary. Maximum relief in the quadrangle is greater than 2100
feet.

The Available Coal Resources Study undertaken for Ap-
palachia quadrangle involved evaluating nineteen Pennsyl-
vanian age coalbeds which are shown in relative stratigraphic
position on Figure 2. All of the coals studied occur above
drainage locally with raceable outcrops in the quadrangle.
Only those coalbeds found to be more regionally persistent

were studied. All nineteen coalbeds are within a stratigraphic
interval of about2485 feet. An additional 1725 feet with nine
recognizable coalbeds occurs totally below drainage. There
is only one coal-core drill hole penetrating this interval in ttre
quadrangle. It shows all but one ofthese coalbeds (Kennedy)
to be less than 20 inches thick. Consequently, as there are in-
sufficient data and no curent mining, nor any future pros-
pects of mining of ttrese coalbeds because they occur at
extreme depths, these coalbeds within this lower stratigra-
phic interval were not considered nor addressed in this study.

This coal availability study was a cooporative effort
between the Virginia Division of Mineral Resources and the
U.S. Geological Survey. This study was funded in part under
contract number i4-08-000 1 -A0708.

DATA

Outcrop maps of the coalbeds were prepared from the
recently published geologic map of Appalachia quadrangle
(Nolde and others, 1988). Data for 297 coalbed locations
were evaluated. In addition. 174 drill hole summaries were
obtained from various coal companies. The data is distrib-
uted fairly uniformly throughout ttre Virginia coalfield por-
tion of the quadrangle. However, in the Kentucky portion of
the quadrangle, the data is not disrubited uniformly Gigure
3). Without the kind cooporation of the Kentucky Geologi-
cal Survey, there would have been no data available for that
portion of the quadrangle.

Mined areas were delineated from maps providedby the
Virginia Division of Mines. Surface mines were identified
from the most recent Appalachia 7.5-minute topographic
map and the geologic map of Appalachia quadrangle (Nolde
and otiers, 1988). Outlines of mined areas for each coalbed
were superimposed on the conesponding coalbed outcrop
map. The outcrops and ttre mined areas were then digitized.
Detailed stratigraphic sections were consEucted from the
drill hole data throughout the quadrangle !o assure accuate
coalbed correlations.

Of the coalbeds evaluated (19), coal samples were col-
lected from seven separate coalbeds (37Vo). Geochemical
analyses of those samples indicate that six of the seven
coalbeds could be considered compliance coal (containing
less than 1.2 pounds of sulfur dioxide per I million BTU,
Table 1).

RESTRICTIONS

Various restrictions affect boti surface and deep mining
operations. These restrictions are both land-use oriented and
technologically oriented toward coal mining practices. land-
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Figure 2. Coalbed columnar section showing coalbeds for
which resource calculations were made in the Appalachia
quadrangle coal availability study.

Figure 3. I"ocation map of data distribution of coalbed data
tlroughout the Appalachia quadrangle.

use restrictions primarily affect surface mining and deep
mining with less than 200 feet overburden. Technologic re-
strictions generally affectdeep mining practices. Existing oil
and gas wells are factors common to both land-use and
technologic restrictions applied to mining practices.

Minor faulting in some coalbeds have affected mine roof
stability locally. Generally, these areas are mined with
caution. Because of this, there were no restrictions o mining
practices based on geologic factors applied in ttris snrdy.
Other factors of concern are more geochemically oriented,
but there are insufficient data lo identify such restricted areas
at this time.'.

All overlap of areas with two or more restrictions to
mining practices were removed prior to calculation of the
available coal resources.

LAND-USE RESTRICTIONS

OIL AND GAS WELI,S

One-hundred and one oil and gas wells had been drilled
in the Appalachia quadrangle at the time of this study. These
wells were drilled between 1953 and 1988, !o depttrs ranging
from 1 837 feet to 7 I 08 feet. A buffer zone 200 feet wide was

Fk';
ii;j:''?.:'bt;lf - .r l-'
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Table l. Applicable compliance of those coalbeds sampled
in Appalachia quadrangle. (N.S.= not sampled).

NUMBER
OF SAMPLES COALBED

CEMETERIES

Although there is no specific mining law prohibiting
mining through orbeneath existing cemeteries, the Office of
Surface Mining (OSM) requests mine operaiors filing for
mining permits to provide abuffer around cemeteries. There-
fore, for the purpose of this study, locations of existing
cemeteries, including an applied 100-foot buffer zone, were
digitized (Frgure 5).

Figure 5. Location of cemeteries, with their buffer zones, in
Appalachia quadrangle.

STR,EAMS

Areas immediately under or within 100 feet of major
streams are considered as land-use restrictions primarily to
avoid potential surface subsidence and the possible intemrp-
tion of surface water flow. Appalachia quadrangle coniains
one major sfream, Powell River, in the southeastern portion
of the quadrangle. The stream course, including a 100-fmt
buffer zone on each side, was digitized (Figure 6).

TOWNS

The presence ofpopulation centers restricts surface and
near surface mining operations, principally due to inaccessi-
bility and the potential for induced surface subsidence from
deep mining. As with major streams, OSM recommends
mining be excluded from within town limits and population
boundaries whenfilingforminingpermits. Municipalbounda-
ries and rural community areas were outlined and digitized as

;
t

Unnamed
No. 13
High Splint
Morris
Pardee
Phillips
Low Splint D
Low Splint
Ravemock
Taggart
Taggart Marker
Wilson
Upper St. Charles
Kelly
Imboden
Clintwood
Blair
Lyons
Dorchester

N.S.
N.S.
N.S.
Compliance
50 7o Compliance
N.S.
N.S.
Compliance
N.S.
88 7o Compliance
N.S.
N.S.
N.S.
Compliance
Compliance
N.S.
N.S.
N.S.
Noncompliance
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applied to each well location (Figure 4) as prescribed by the
Mine Safety Laws of Virginia(45.1-92-l). It should be noted
that mine operators can petition the Gas and Oil Division to
mine nearer to, or through well locations. A S tate Oil and Gas
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Figure 4. Incation of oil and gas wells, with their buffer
zones, in Appalachia quadrangle.
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Figure 6. Location of major streams, with accompanying
buffer zone, in Appalachia quadrangle.

land-use restrictions to mining @igure 7).

HIGHWAYS, PIPELINES, ANDPOWERLINES

There are no specific laws prohibiting mining through or
under these structures in Virginia. Most surface mine opera-
tors tend notto distub highways orpipelines and havemined
between powerline poles. Operators do mine beneath all
these structures. Due !o these practices, those structures
listed above were not considered as viable land-use restric-
tions to mining for ttris study.

NATIONAL FORESTS

The Surface Mining Control and Reclamation Act of
1977 strictly prohibits surface mining on National Forest
lands, particularly within the eastern United Srates. For this
reason, lands of the Jefferson National Forest in Appalachia
quadrangle were considered as land-use restrictions Sigure
8). Deep mining is allowed beneath National Forest lands
upon approval of a Federal Mineral Mining permit.

A composite map showing all the above listed land-use
restrictions, as lotal land-use restrictions applied to each
coalbed, is shown in Figure 9.

Figure 7. Location of population centers in Appalachia
quadrangle.

TECHNOLOGIC RES TRICTIONS

OIL AND GAS WELLS

The factors mentioned above forland-userestrictions re-
garding mining near oil and gas wells are considered forsafe
mining practices, and also apply to deep mining operations.

MINE BUFFERS

Principally for safety, the Mine Safety and Health Ad-
minisftation (MSHA) requires a buffer to be maintained
around older mine workings. If active mining encounters an
existing mine, the older mine must be either ventilated,
pumped if necessary, and,/or sealed. For planning purposes,
most operators maintain a 100 !o 200-foot buffer zone around
known mine workings. For this study, a 200-foot buffer zone
was added to the area of all deep mine workings within this
quadrangle for exclusion as technologic restrictions.

INTERBURDEN

Interburden thickness between coalbeds may affect the
mining ofthe overlying or underlying coalbeds by increasing
mining hazards and the cost of mining. Although this
interburden effect. on mining is somewhat variable, a conser-
vative minimum interburden thickness of 40 feet for zero coal
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Figure 8. Location of National Forest lands in Appalachia
quadrangle.

loss was applied as a restriction. Current mining practices
experience little to no adverse effects with interburdens
grcater than this value, tlus allowing both coalbeds to be
mined. In the case of two unmined coalbeds which are less
than 40 feet apart, a decision was made as to which coalbed
would most likely be mined in preference to the other. The
defined area of coal with less than 40 feet interburden was
then removed from the less desirable coalbed on the premise
that the mining of this coalbed would be restricted by ttre
mining of the more desirable coalbed.

MINING LESS THAN 4.0 FEET

Coalbeds that have been or are being mined, and are
within 40 feet of another minable coalbed, may affect the
potential mining of the ottrer coalbed by reducing the stability
of the roof or floor of the other coalbed. Therefore, t}re areas
where mine workings are within 40 feet (a minimum interbur-
den thiclness for zero coal loss) of another coalbed, were
considered to restrict the mining of the unmined portion of the
otrer coalbed.

Within Appalachia quadrangle it is noteworthy ttrat the
mining of theTaggart and TaggartMarker coalbeds has been
conducted with an interburden of less than 40 feet. An
estimated 30 to 45 percent of the deep mining of both
coalbeds overlap and approximately 90 percent ofthis over-
lap exhibis an interburden of less than 40 feet. However,
according to Zhou (1991), given the interburden strata condi
tions and coalbed thickness, the height of caving or fractur-
ing

aa

a
a

a

a

Figure 9. Location of total land-use restrictions as applied to
each coalbed studied in Appalachia quadrangle.

(minimum minable interburden) above the Taggart Marker
should extrend no greater than 20 to 25 feet upward. Where
the interbuden between the two coalbeds is less than 40 feet,
very little is less than 20 feet. There has been, and will be,
some minimal effects upon the unmined portion of these
coalbeds, but because of the thicknesses of these beds, the
potential instability does not appear to have deterred mining
of botl beds. Also, as nearly all the mining occurred within
the Taggart pnor to mining the underlying Taggart Marker,
effects exerted upon the remaining Taggart coalbed were of
little consequence.

T]NMINABLE TIIICKNESSES

Some mine operators in Virginia consider that coal less
than 40 inches thick is not economically feasible to deep mine
ifit is necessary to drive a shaft to access tle coal (principally
below drainage coal). All mines within Appalachia quad-
rangle have adit entries with one mine within the Dorchester
coalbed having a sloped main entrance and a secondary shaft
entrance farther into the mine. This mine does appear to have
mined, in two places, very small areas of coal less than 40
inches thick (but greater than 28 inches); the vast majority of
this coal being mined is greater than 40 inches thick.

Other mines throughout the quadrangle appear to sup-
port some mining of coalbeds between 14 and 28 inches thick.
However, coalbeds with overburden greater than 1000 feet
are generally mined only where more than 28 inches thick.
There are areas within local mines where the overburden is

a
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$eater than 1000 feet and coalbed thicknesses are less than
28 inches, however these areas are very small and not.consid-
ered significanL It was tlerefore determined that any portion
of a coalbed with more than 1000 feet overburden and which
is less than 28 inches thick would currently be considered a
resFiction to mining and tlerefore unminable.

The results of individual restrictions applied, bottr land-
use and technologic, to each coalbed in Appalachia quad-
rangle are presented in Table 2.

RESOURCE CALCULATIONS

Coal resources were calculated only for that portion of
each coalbed with a thickness geater than 14 inches, as
determined by thickness isopachs for each coalbed (exclud-
ing partings). Categories used for each resoruce calculation
(original, remaining, and available) were as follows:

14-28 inches thick with 0-200 feet overburden,
14-28 inches thick with 200-1000 feet overburden,
14-28 inches thick wittr grcater than 1000 feet overburden;
geater than 28 inches thick with 0-200 feet overburden,
geater than 28 inches thick with 200-1000 feet overburden,
greater than 28 inches thick with greater than 1000 feet
overburden.

Strip mined areas were applied to the categories with G
200 feet overburden. Where present, the volume of coal
affected by auger mining was added to the deep mine volume
because of the many openings, the closeness of spacing, and
the length of boring within the coalbed. Deep mined areas,
coupled with strip mines where present, were removed from
each original coal resource category resulting in the remain-
ing coal resources for each coalbed. Where srip mining and
deep mining occurred with 0-200 feet overburden, the vol-
ume of coal removed by deep mining was first calculated.
Remaining coal resources for each bed were then calculated.
With the deep mine volumes in the 0 to 200-foot overburden
category previously calculated, the difference ofthe original
and remaining resources minus this previously calculated
deep mine volume then defined the snip mine volumes where
applicable. The volumes of mined out coal for categories
geater than 200 feet overburden were tlen determined by
subtraction of remaining from original resources.

Three poins must be noted in regards to the amount of
mined out coal. First, some coal less than 14 inches thick has
been srip mined in small areas and very small portions have
been deep mined by some mine operators. These small
volumes of coal are not considered in the resource calcula-
tions. Second, there are small volumes of coal that have been
strip mined with overburden great€r than 200 feel These
values are incorporated in the strip mined volumes. Third,
there is no overlap of area between strip mining and deep
mining with 0-200 feet overburden.

Restrictions o mining operations were identified and the
volumes of coal affected by each resriction were calculated.
Overlap of multiple restrictions were removed and the re-
stricted are:x were removed from the remaining areas thus
defining the available coal resources for each coalbed. The

available resources, per category, were then calculated for
each coalbed.

RESULTS

Relative comparisons of original, remaining, and avail-
able coal resources for each coalbed are shown in Figure 10.
Mining and applied restrictions have, and are, attributed to
the actual and potential (respectively) loss of48 percent of all
original coal resources in Appalachia quadrangle (Figure I I ) .
Total calculated original coal resources were 1350.l-million
short tons from 19 coalbeds within Appalachia quadrangle.
In ttris quadrangle, 26 prcent of the coal has been mined,
leaving 1006.4-million short tons of remaining coal resources.
After applying specific restrictions, the total available coal
resources were calculated to be 703.5-million short tons
(Table 3), or 70 percent of the total remaining resoluces
(Freure 12).

From the thirty percent of the remaining resources af-
fected by resricdons, 3 percent were land-use restrictions
and 97 percent were technologic restrictions. Within the
Iand-use restrictions, towns comprised6T percent while the
unminable thickness and the interburden restrictions together
comprised 76 percent of the technologic restrictions. Restric-
tions exhibited their greatest affect upon the Clintrvmd
coalbed by restricting 87 percent of the remaining resources;
of theserestrictions, 99 percentwere technologic. Itis further
noteworthy that four coalbeds account for 50 percent of ttre
original coal resources in this quadrangle. They are the
Taggart, Taggart Marker, Imboden, and Dorchester coal-
beds. In addition, these four coalbeds account for 86 percent
of all mined out coal within this quadrangle. Also, three
coalbeds have had 50 percent or greater of their coal mined
ou[ Pardee, Taggart, and Imboden.

In summary, various land-use and technologic resric-
tions do affect the amount of coal realistically available for
mining. In Appalachia quadrangle, 26 percent of the coal has
been mined and from the remaining coal 70 percent is
available for mining. Of those restrictions applied within
Appalachia quadrangle, 97 percent were technologically
oriented.
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Figure 10. Total amounts of original, remaining, and available resources for each coalbed studied in Appalachia quadrangle;
Unnamed (Lll.[l9, No. 13 (N13), High Splint (HSP), Monis (MOR), Pardee (PAR), Phillips (Plil-), Low Splint D (LSD), Low
Splint(LSP), Ravenrock (RVR), Taggart (tAG), TaggartMarker (TGI\4),Wilson (WIL),Upper St. Charles (USC), Kelly (KEL),
Imboden (IMB), Clintwood (CLW), Blair (BLA), Lyons (LYN), and Dorchester @OR).
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,"'* ;]:"'ff I ololo u, o, *. u,
1.350-miilion short tons

Figure 1 1. Pie chart showing results of the total coal availa-
bility study for all coalbeds of Appalachia quadrangle rela-
tive to the total original coal resources.

LAND_USI RESTR. 1Z

TOTAL REMA NLNG COAL RISOURCIS
T,006-million short tons

Figure 12. Pie chart showing results of the total coal availa-
bility study for all coalbeds of Appalachia quadrangle rela-
tive to the total remaining coal resotuces.

Table 3. Coal resources summary of Appalachia quadrangle. Values are in thousands of short tons.

COALBED
RESOURCES

ORIGINAL MINED REMAINING RESTRICTED AVAILABLE
Unnamed
No. 13
High Splint
Morris
Pardee
Phillips
Low Splint D
Low Splint
Ravenrock
Taggart
Taggart Marker
Wilson
Upper St. Charles
Kelly
lmboden
Clintwood
Blair
Lyons
Dorchester

8,783
9,140

20,487
29,879
5r,426
35,888
60,196
ffi,142
4r,456

146,031
108,018
81,410
62,370
68,5M

237,54r
66,750
6r,M1
17,350

183,&9

0
545

2,730
1r,626
25,956

134

0
) /15/1

0
94,168
44,005

r,299
4'79

2,1&
r 16 {{?

0
0
0

20.953

8,783
8,595

r7,757
18,253
25,410
15'754
50,196
57,688
41,456
51,869
&,0r3
80,1 1 I
61,891
65,740

100,988
66,15A
6r,04'7
17,350

162,696

19

1.,971.

595
a 7)4
5,141
3,r07

29,621
9,931

16,295
19,354
32,r16

7,119
18,055
10,302
24,862
58,176
16,959
1 r,156
33,699

8;t&
6,624

17,t62
'1.4,529

?;0,329

32,&7
1n {7{
4"1,"157

25,161
?t <1<

3r,891
I Z,JJZ
43,836
55,438
16,126

8,574
44,088
6,r94

r28.991

TOTAL 1,350,073 343,666 \0A6,40V 302,862 703,545
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APPENDIX

APPALACHIA QUADRANGLE
COAL AVAILABILITY RESULTS

The following maps, charts, and tables show, by coalbed,
the results of the coal availability study. Per coalbed, the
results are presented as follows: the original coalbed extent,
the original coalbed resources, the remaining coalbed re-
sources, the restrictions applied, the available coalbed re-
sources, a pie chart of results, and a summary table showing
tonnages of coal affected per category addressed. Also
included, at the beginning, is a reference index map (Figure
13) for all coalbed maps that follow and a topographic map
(Frgure 14).

KENTTJCKY

./
.-u,

(

I BLACK MOUNTAIN
t

./

i..
!l
'a
i
I

I

I

I

POWELL RIVER

V IRGINI A

t
I

l

N

Figure 13. Reference index map of Appalachia quadrangle
for all maps within the Appendix.
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